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■ ■^ BACKGROUND OF. THE INVfENTION . 
0.. I -Th i s ' i'-n y e n t i Qn .relat es; .t.p the manuf actur e, of . • 
dntjeg.rate.d oi-rcuits and s pacific ally-, the prp.cessbf 
"^5 f abricating .discrete Islands " in .:a sub- 

.s;trabe •whiG-H. are ele ct r ical-1 from Qach other. 

. ; bescr i: p.t.l.Qn . of the Prior Art •■ .-.^ . 

^- Duriag the .man^f ^ctur;e ;of inte^^ eircuits,. 

th;e sem^i conductor, ele are usu-.ally. isolated from 

. ; each other by . a...pr ocess , known; as. " jUrict ion i sola- 
.ttpn".r. This jun.ctliDn ispiattipn is used, in both MOS and 
bifpol^r circuit? isdla;te circuit, elfe^ ■ 

.ra^nts . ^ Under- nbrfnal : ap.pl;i^^^^ isblation 
is 'usuall;^^^ an acceptable means, to obtain, circuit isola- 
t i.ono Hoveyer , uader .Adverse cohdit a . 

radi at ion .v en viroriment ^br uhder extreme , hi gh volt ages , 
junction isolatidxi is ; riot ef!;f ectiv and..lea,cis to cir- .. 
• ciiit- ".i^iailur e...;^^ 

There are integrated circuits produced by 
S;epar:at:ing -Circuit elera dielectric 
layers An additipnal horizontal dielectric layer 
uri d e r . .t he • el era en t s 1 e a d s . t o a d i e lectrical 1 y isolated 
semiconductor region. The technology for producing 
prior art dielect riGally isol'at.e'd ia.yers on Insulating 
substrates requires, .extrenie dimensional controls which 
results in dielectrically. isolated .aingle crystal "' 
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isiandis of aObut IS-micrpmeters 

arxce of ± '5 micrometers. Integral ta^the prior art; 
dieleatric process, is a costly polycrystallirie :Stli:Con 
. . ^depp^itlpn • -This 'process is usiially a high' t emper at^r ej . . 
' 5-^ ^^.sfeep a^^ This high tempera^ >^ 

■ ture; step preclucies the inclusion of; ,^hy junction 

tlnfe^-^ without; allpvflng . • ; 

: f or subst ah tiai jun o tlpn dif f us ions . This proces s alsd/. • 
. cansuTixes large aardiints bf expensive,^ 
1<3 . deposition of large, thicknesses of ^.p^ 

Slli.CO-n • • .:. 

, - ' Addit'iohally.,/ as ;shOvm In- Fig - 1 a ,^ it 'is ■ typi - . 
caily required that trenches .be formed in substrate. ■ 
; ' ^nd. oxide '^l pribr-^ to f ormation b:f pplydrystall ^ ^ 

1-5 ■ .silicon 4^0. Following ra backlap^^ 

' roughly rembve.s port idhs of Substrate: ^S^V ^ Ml > ^ 

: ser.ves as a stop during a cheraicaLl mechanic-al pdlish. . - 

removai of the remaining ixhdesi^^^ 
. s.tr ate 42v .. typic^ \5oi. to 70% .of . the 

:20:; wiffer surf:ace area at r.This.^ 
of course / is Oi.n desirable ; s^^ sigiiiri eantiy 

reduces the area available for the formation of . ad^ 
'deVices J *: Furthermore great skill and good machine 
. co'htrpi is required to' polish to-" the abb ve toler- 
25 andes. Because th^re is -a finite praib tic al me cha^^^ 

tdierance for parallelism; the lar^^g^^ Vfafebs Which can 
be prooessed in the above manner has ;been 4 ' inch waf ers- 
- ■ at a great cost in yield* fts a result-v thi^: iisual?^ waf;6r 
size manufactured using the prior art niethod 
■• inches. ■■ ■ "■ ' l^. 

Fig- lb depicts the result of nonparallel " 
■ wafer reinoYal> The solid lines in Fig. lb depict;i^the 
. resulting structure including poiycrystalline sill 
handle 40 , insulation 41 , . arid tp^-be^f ormed. isolated 
35 regions df single crystal semiconductor 21-. As shown 

in Fig- la by stop line 45a > ideally the thicknesses of 
isolated semiconductdr regions 21 are uhiform^^ a^^ 
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' * trie wicfth>=6f the w^afer'.:. .Houevev^,: as:, in die at e<l by :stop5. V 

' ^-line ^Sfe ah Flg^^^ .removed in;.> a ; . 

" :7lbnp.araliei . f the • thickness. -of; is semlGon-, • . - 

y'^ ^ ^ over •the . v^idth of the ' 

• .- standard Mini tatlbnr in , pr - " • ^" 

' . ' . ;Sueh prior 'art techhi ques for^ prbvi cling . ' ; . 

:dl ele.ctricaliy " i s6i'*a:te'd ' siqml'coAdupt-oi? regions are ' ■ ■ 
xr ';;-- ^de^dibe&.,. fbr;^e>:ample:/^ Nd>' A 

to: ' :^^301 , OBO > 4 , 056 , 414;^ 4 ,:bQM-^,;046;; -3 ,^^3,, 255.; 3 ,.832 , 2.47 ; ^' 

• -3^73.8^./^^ :3./91-3,1-21 " .'V , "^^ . . ' ": ^ \: ■ ' " * . 
X'/V ■ ' / ;0n: the' •other; iiand', s.i'l ioon-bn-sapphi ..: 

• - ■ 's es • gl.ye. -good 'dim.ensional/ control , but have peT o r man ce 
limi t at ions- due - to. ^thev 4e gr ada^tipii./ o:^ el e^ pr^o-^ : .; 

1 5-^ ::>^erttes'^ in/ comparison tO; diele.etricail ^sill-. : 

' cdh;; ' snic<pri-on-s^^pph;ivre p^^ :'av.^ de-si C.r ibe^d V for; 

ex^m pie V "in ^^iV tJornpari^on: of Fine-Diraeh :§iliGQn-pn-: 
X : * S^p^hi rk^ a^^ Com piemen t ai:,y. ^103^^ 

.;Ci'rc lilts "V Brass iitgt on ' et> al .' .IEEE' Tran'^kQt iorig.-;4h' ■ . 
-20 ;: ;Elect ron / Devi ces Wbl v ED^32V; 9:>-Xsept ember., 11^5, 

^pai^es : .1"-8^84i '&6:f^i'M&d: "Thjp .G;u^r e ri-t ' S t afc .us b f ' Silidorv-on-: ' / 
. . ^ ^Xnsalg;t.oP • ^ S , L\ Par t .ridge-r 

> ■ . Irifeet'nat^^ Device Mdeting^ ^a98,6;>, pages. M2&^ 

• 25 / However r sill con r^YDn;T:s.a the dlsadvan- 

. -t^ai^e that; the^. s^^^ formed on the 

•'••^'•■-£apph:i-*r-e -Substrate' i:& hot Vcapajbl e" of/ -'.b-e ih-g- " .-f .a.b r t.cai-t e d-- • • 
- as ^a good" singief/ ^ry^tal ^ with. 1 of 
;■ -eiictrieai; propert Ebr example^: i n SOS^ d 

■ 30o- Jurictidn 1 on the or;der. of :1 P; to 100 times 

. * -that -Of ' jto ieakagies vp 

• ilnbtiher •p'ir'lorV--^V-t'- -jtechnlqu.e ••d.s-.- .q-a-l/led /S.lMOX . 

• • ^In the vSIMOk process ,^ o 

high enbpgy into :a s ill con subs trate in. orderr to place 
35 oxygen atoms horizpnta^^^l^^^^ seiected depth in the. 

s il i con subs t r at e • A subsequent heat treatment causes 
these oxygen -atoms to comt>ine with the silicon slab- . . 
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. • < s;tr tq .Iforni; ^ > h sxli^cori . 

.dio^ijde- iha^^ v V: However , a (iigadv^hj^a^ i> y 

^ :j&IM0X ••pro^e Severe disidcatipTis within' th^^ 

• . substrate d '■ higfi .enerjj^^ 

• 5 isieit-^ I s , the / hp 

; -layer geri^ by ''the' oxygen;- tho.u=- . 

sands of :^ngs fcr^ .ini thickneS-s > /:^1 .isol at lp:n ' . 

■■•■'to :;:loweri"-eiecfc^^^ ■.■^ v'." -';- 

'.> ' :• Ariother 'pribr airt : p rppesS; f or . f^o 

to tri caXIy - i solated si 1 1 eo n . r e g tons - is the zone mel t 

. ref ining ( ZMR ) process. . . In ZMR , a pplycrys talline r 
■ . ; layer ^ is -depositeci on an eleGtr ipal^ insulator and an " 
attempt is Jmade to form the polycryst all ine into a ; \ 
,r mono G r ys t aliin e silicn layer , for example,, by heat n 
'i 5 - ■ ti^eatrneht^^ •. However ,., the ZMR process doe-s 

.' hot/ - p-r^oyi'de^ , a true monoer ystallirie "siiicbn :iayer , but:, . ' .'• 
• :: rather- ^-r^el at ive.l y= .^alr l re glons of single crystals .." 
h^v^ing gjr aih ;436;uhdari;e-s. whi ch .have; a,^ delisteri pus ef^f e/Ct 
■. on th.e^ ele Ctrl cal prop-erti^e-s^ of the^- layer ^" : ■ ' . ' . - 

" ; -SUMMARY i ^' V-';; " - -"^ 

; .. . ;'rh^-!.5i4;.3a^ .df :the: afd^^ prioE^ 

ark pI^b cess 6:3: are :fell.nithated:. by the^^^^^ 
where: aii ; epitax.i al. layer Isi used, as^ an et ch. 5 tpp • in. aC 
2^5 ^plasma e:6cc?h;pt^a This epitaxial l^^yer can be as ^ 

- tixiri ■ . p.;,:3 : ' Thi cfc layers have, the dis- : 

adyantage of using, ra^ 
■ : -thin layers ^/a^ there;f ore; will, .be 1^ eff icient i-n 
siirfa.ce area/ In one; embodimeht r^ 
3;d ' cal stops : and. an e:pitaxLal layer a^^^ used in combiha^ -^ 
t i on f o r :s to;pp ing pr ecis ely at a ; d.e.sir ed end po int i Ah 
additipnal advantage is' t^ lower, .cx>st ,^ s • 
. or : other? mat.e^ used in this process to forrii / . 

the handle of the silicon on insulator substcateV 
35 Junctions and epitaxial layers : Qa^^ p'res.eryed in this' 
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' : • ' ... -5. ■. I " . • - •; - ' ^ ■ ■ 

/ ^pro cess . beca us e • vhe at. 'c y cl^es. > atr-.e. lowe r. an d s hort er thari . 
^: » ^- : :those^ r*equ ired I n pri-or^ irt i^^^ isolat ion 

. ' processes • v- . " 

5 ' BRIEF DE$GRIPTiOMr.OF.>THE. :-.DRAwf l^GS . ..• 

" -^^^^ • . The. draw* ia^^ alius trat e . a preif erred embodiment: . 

• ' oif'^thie invention as foiipw^r . "•^ 

' ".-i- ' , ^ ■ : Figs', l^a de pi ct.s' . ah . i^deal format ion of .dielec- 

trioaily 'i.soiated single vcrystal semi con.d^^^ region;' 
•10; ■ • ■ ,.Flg .■ lb.- -depl Qtsl'the :dl sad vantages' 'Of prior art 

- y".-. ■ techfil ques for forming dlele ct ri cally isqlated si.n;gle \ . 

/" • vcrystal r egions , where" backlapping . is .efriproyed ; . 
i /•■■Figs. 2a ci.nd. ;2.b.;depict. scrvbe on a semi- . 

• "coriductor wafer; -.- -. ■ 

.15- ■• ■ Figs i- 3 ^ through .1 Oa.. depict one, em bod i men t of a 

' -vV- process pf -this Inventionv; .;:„ l^' 

^ -^Flgs. -1:2 through- 1 8^a :depl ct, an., alter hat ive ■ . ^ ' ' 

'method of this. :ln.:vent-ab.n ' 

..Fi:igsV ■■1^:9a- and ) 9b depict one riVethbd .f or f Drnia-- 
20:. • tlo.h /b;f - . isp ,reglo.ns: i;ri aceor darica :Wi.tH >the Wteach- . ' 

^'r- ^ Ings- of thi s i:nven.tl:on ^ iarid;; . . .^ : /• • 

Fi gs V zda ^through' 2.0 
teachings., of . this: invention to. perf orm select rve ^et.ch.^ 
V ; in g: of .a first region .with rbspedt-.tO- a:>:sepond .region;. 
25 ■ .-. - ./-^ ' ~: ■ : ^'^ :. V ' 

• D E TAILED .P ES.CR I R Xj ON^ 
In the followirtjg disscription, .1^^^^ . 
^ that .^^ generalized in te^rk ted ;circui:t -(evgC or 

•; "MOS"') wlll..;bev f abrrca^tedv;^^ I^^ 
3.P -. izing radiation o other/ ^^hos tile: eh vir^^^ be " 

ehoounter ed , .it is desired that act i ve -element s in\ 
// int:e.grated circuits be di elect rical.y, isolalted from, eafch : 
: . . * ...;oth^r:- T)^^s .tjype; ^ 

vival by several times that of Its junetioh dsblated 
35 \ cpxinterpart.. : ' ^ 



: 'The desppi'ptibn or :theWpr^f erred 
will . cover 1: he' ^d^ of . :a - d^ isola.t:ed. 

U ov ? type slliGoiivf irmv as; desired- The N or 'P type 
silicon film :is ah integral p^rt of this invent ioal in- 
Kt.h^.t:^fchis^ 

:Eig ." - 2a illus trat-e^ on 
■senri conductor waf er 20 , Gri ds 55 are f ortned in 
ni t ride , p.olycr ys tail ine . s i li eg n , or some ot her s ui t V 
able mat e r 1 a 1 . to . f . un c t ion ; as a nxechanlcal stop during a 
subs e qu e n t : m e ch an i ea i ba c k 1 a p o pe r a Jb ion. 'Fig . 2b: is • an 
edg^ detail where ihcQmple:te. die^ are ;shown 'to become?. 
.:;sdlid scrl^)e .llnd^s , .providing a^ with-; 
out. a decr e ase in the number, of - whole, die . . . 

Fig. 3 shows a cross sect ipn of .scribe 1 ine 
grid. 55 formed, of oxl^^ semiconductor 
s ub.s t r at e 20.. .Tn Fig . ah epit axi al . ^s eral conduc tor : 
rayer 21 is grbWn on. substrate ZO* The growth is .inono- 
- crystall ine . in" areas 21 not ico.vered. fey o^^x or nitride 
and :poLycr:y3t;aliirie in ^^^a^ :<>^er* the nitride o>r 

pxid^ scritoe-grid :55- ;^lt is ;essent.ial. tha^^ yiJtho- 
tibn between epit a^ciai la^^^ axid-s^ be as' 

abrupt as, ;F>o.ss.i hie as thi s. dif f erence in dopaht con- 
c^^tftratio.n. is /utilized to achieve ;S;!e^lectiv^i:ty in a ■ 
Xat er etch s tepi , Thus.,; epl laij^r 21 =• ±s pref er- - 

abXy grown to a thicknes:^ on the order of .3 ;to 15' . ■ 
microm.efcers - at low tenipeca.tur es , preferably below : ■ " 
approxliiiately 1000°G. Silane j redtici^d pres^^^^ 
t axy , : ; ah dv- iaol e cul ar beam, ep i t axy are e xanip/ies of; ' s^l t ^ ; 
able techrtiq-ues used ;f prv growing epitaxiai layer 21 , as 
is-:well known in. the art- A brief polish of surface A9 
:bf' layer 21: is performed at this time in order to pro^- 
, vide a flat, uniform surface upon whidh ,dx^^ 
C Fig . 5 ) is: to be f orme'd as vuni f o rm;iy as p.os si b le • If 
desired, sub-diffusions (such as a; burie:d eollector) 
are performed at this time, and/or retrpgrade p wells 
or n wells (i.e. being more highly doped near surface 
19. than deeper within epitaxial, layer '21) are conven- 
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•;\ - become the ''bottom" of. the. 1 The use -arid 

formation of sub-dif.fu.3i0n wells are ' 

• \ '>.known ;t:6; those of; ordinary :S;ki:ir :•irl^ the ac€: . . " ' ' V 
.; 5'; . • ' - As. .s.hpwn in. Fig ; . 4a-,; at., this time is.o.lat ipri .. 

■• . regions' 1 1 9a thraugh 0.1 9cl can .vb.e. ..f .brmed. w 
: • .epitaxi-al; s^^ 21 .bet w.een the . siK^^ die 

def ;i necl,..by sc,r.i be- 'gr^ 5;5,b • -By. t he v.- , • 

/.. ■ ;.u isolation region; T;1 9aL . t'hrough^ ^ whi ch extend / 

. . l-b, \ ; thro.ugh the entire- t-hi'c-kns S's: v-.p.'f . •e^pi t;a xi. ai layer. 21\ 
A ' l.nd.t-vi;Glual.,:;.; .dlel.ect.r.i..call-y'' '-i's plate b ;:p.p.r t ions-. 1 2'Oa . ; 
■ thr:ough. •1.20e of: :epltaxial layer 2T ar;e formed • .bet ween 
\ '•■*'s cri be.^ grid''- ppr-t-io.n-s. ._55.a •andr/^S.Sb-.* . .I^ol.at ign regions " 
■ ■ ' f.'-^;. 1 1 9.a'' -thr p-u-g.h/' 1 1 9d. are ■f;prmed, f pr; exaiHipl.e', by:.ioeal • . 
15 pxidatio.n of - sill.epn, using' ;%.saitab 

s.uch as ..-^i 1.1 CO h ni tride .- 1 Alternat i.vely ,. i.spla : 
^- ■'^reiglbn.s .1 1 9a . through- 1 1 9'd. / ajbe • f.o.rm:e.d; by '.etphi n.g. ; 1 

■ trenches , .such :as by re;aqtl;ye^ 16^ e[,tirhing: .(:RIE)=- :^ ' v r 
, . -.^ friil^Mng: the-^ trench '■ - '$r 

? 2'b . . :^materi a.i.i' s^uch; as; .silicon, dioxide p:r;' s li toon ,.niVt r . '-- %. 

■ --.NatuFaiiy as .will , be appc^eciatled. .to: thasi^.:..of .ordinary "r-^ 
. *: skill.- in ; t.h.e art j •• any '4esi r.ib^^^^^ 'J 

v - regiioins -1. 1 9a tttf:^pugh 1 1. 9d Gah^4>:e; used,, thereby . • • 

.. \pr.Q:yldin;g.;.an .rtumb€i;r .of di.elec i.sG)lated 

. s:in.gle crystal silicon. r'eglons^^^^T^^^ through .1 2 O.e- ^wi th 
.•Veacfi. of- the. .d the indiv.'i.d^ 

■.:';die. being, ::Se.parated by:. s^c 

^ ^. .... :In^anal tier native of ^thi^s•^ihven-■ 

: \- M:lon ; as. de-p^ 5 to 1 6 a , .the vis pi a.t;ioii 

3'0 regions.. ,ar.^- .not - formed^ ^ this, time/ but -r^ 

formed after ^removal of;. ?u^^ 20, -.as iS;-desc;ri.bed 

■ : 'in. mor e . detail : later ^' ' 

. ■•: ' . ;.As shown in Fig. 5i oxide layer 22 is then : . 
• '-formed , ^e ..gi; t a thickness.of about 1 60.O A to - .1 0 , 000. A 
3".5 . by thermal oxidation , the .pr,ef er.r ed met hpd is the use ' 

-.of high press..ure oxidatipn at pr around 70.0 ih- a high * 
. pressure oxidation Cur.nace at or. around .15 to 25 .atmps-"; 



^^^^ W • c r^^' I^ 

■ /'plier-gs ■ fx^ of cxxidiBv.v' -.^ 

; growth \r i;h a lftydj?at^^ a .r^larr? 

: ' / . The -'^h^Tldl^ ^ iJoli?4:'i ph .;:o f ' the - d iel/eet ci calliy . 

; / '^ :hkntilir 'or: ha's'-e' waf er- • 30 '-<s--aii):p^ ' ot^Sier ■ .' 

subsrtr^a^^^^^ xDxi4t2fe;^^ 
; . . ill a high- t^^^^ iS -^tO'L; : 

.25 a tirio spheres pr^essurS Cirx ^^^s^ 
■ r31 (fc^^^^ abQut - TOGO Jl thick) , or 

layer 31 may to; the 
oxide rayer 2:2 CFrbv 5> to-harvdle . J 

."; 3-0 . Ttii^. attachmeilt ^ ' / 

surf aces of bxide aayer 22 and " layer 31 7 ( or : the ^ ? 

' 15 surfacie of handle • 30 ; if pxide layer 31 is 'not. used ) ' - 
■■ ^ together in ■a' J'i:gi such :as/ i^' shown In ;Fi:g^.^^^^^ 

tact with each other and he a ting in a s t e am o x i di 2;i n g , 
atmo s pher e , ah d a pres ai^ atmos pheres :i" a^ \ 

a t emperatur^ Qf W6:^0'^to - iGGO^ 
: ' 20 to 60: minutes-v : = Laye 
-■ ' S^hfen oxide laif:er; 3t is npt^U^ 

. . together' as. js^hown ih Figv^ 8v : 6xide layer 22- ;rs now: ^ ; 

:attache<i to. xDxide layer 31 ;(pr hahdle- sutjs^^ ► } 

r ^ • This, att^kishnieht^^ also be Sal cc^^ by 

25-' sub|ecfcihg. th^e Fig . 5 ah^^ . 
- to d low tent per a^^ 

apprpxlmateiy ■ 4^^ °C to 900 ° C:) hydratpn : iDake of 
matb'ly 5 hour is. in; a wet^^ 
: well - known fbr the growth of :t)xidj^s, this- hydration : 
30 ■ bkke - causes OH" :group.s tb vbe : introduce^ ir^t'b th^^^^ 

surraldes. to be jOlAed • 
oxide layers -^21 "iah 31 slightly* The two sur faces 22 ^ 
and 3 T to be joined are the^ ; 
7 in contact with each other and heated to the range of 
35 approximately 1050^C to 1200 o^^^^C in an oxidizing atmos- 
..phere (preferably a wet oxidizing .a 
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. • appc'Q hpur.r Lay^er...22 and layer 3.1 ther^^by . .. 

become bonded, together as. sho^w^^ Fig , :8, . 

' If desired, in accordance with the fceachirigs 
'\:-- .of this ^i riven t ion ,.^ the dig (Fig... 7) on which the .two . 
: 5 . s.urf acesv :2:2 ..and 31. . which are, to be..' joined are; placed i.S: , 
•essentially anr inclined. I.O-O with one or. more-"' 

-stops.- 1.0 1,. located near i t.s Ipwe r s id.e . the. eleraen.t.s* to • ■ 
. be golne.d together ar on this jig against' the . 

one. or more stops such, that during the. joining, proc^ess ; 
..10 they, are not. rigidly f ixed . In this, .manner , the . two 
: surf-aces to be .. joined are r.elativ.ely free to expand 
during tlji.e j.o.ining process,., for .example.,:, d.u.e to thermal 
ex.pansioji. . . -■ . : . ^ ; ' * . ' ' 

As shown In Fig. 9,. .the waf.pr is pp.l.ish'ed^-or 
. i 5. ... ".back la.pped" to co.arsely .re;mqy:e. a . major port ion 2.0a of 
s:ubstrate. 20., > Of "import ance?;, paralle;! r.e.m..pyal .of -ppr- . 
■ ' t,ibn; 2.0;a. -of- su.bs.tr ate 20 is np.fc neces-sary The raec.hari-. 
i:ca>l rempyal . is . -ter.ml^ f irst c.on.tact to ; the 

: n^it.ride..x)r';^p.xi:d:e . layer which.,- .as - pre^;ipii^ly 
20 • de3:ei^.i;be;d-, s envies as,^ ^ .bacj<;iaLp }s.t.pp . 

importance in accprdance wlt;li the teachings of this.. 
inyentio;n> lit is: not necesa^^ .V ' 

remo val ;p.f ..layer. 2.0 " me s.tdp. unif orniiy . 
.on layer 55 : :At:teEnpts.^A^^ .sp.^w.i'll ie:ad to. . "w.aahed . . 
25 o.at" ar e:,as ; and "dishe d" . ar e,a:3 f r om e xcess i ve me chanical . 
pplishing, • These probl^ems are w.ell. known, to. those 
.:3kiile.d in. the...artv . . 

.As shown in Fig- 1 0/, . remaining port L of ., 

substrate .20 are. then completely remoyed plasma 
3:0- etching in an. apprppriate f luprpca.rbpn; based 

plasma. This :r.e;su Its in- a: plur.ality of single crystal 
semiconductor regio.ns. 11 2a through .1 1 2d..,, which -are ..yery 
ef f e cti vel.y. . isolated by .oxi:de layer .22. and., oxide, 
regions 56. ; ' . 



. ■ ; - ■ . • ■ ■ ■ "I ° : ' ■ •.' ■ ' ■ ■■■■ ■ 

By v/ayvof .exaifipler the f allowing piasjra a 
parameters Vere uaed^ to iiarry -out fc^ pfoeess. of. this ^ 
' dnrenfcion':; ' 

:■■ I)rytek iQUad R. I/E- Plai.sma etcher mojdel. .number 

Pressure : 450 mi 11 i tor r 

Power : . 4QQ Watts on a 9. 0 inch ^diameter ..aluni- 
. Irium eleetrode with a 'U . 0 inch, waf er* . - ' . ;'. 

Bias : TO volts . ' ' ' 

10 . ; Electrode Spacing: 1.>75 i 

Etchaht s : 20 s eem Freon 1,2 , . and 80, seem • ' r 

■'/Chlorine,.- ';. ;■ ■ ■ ' j\ 

The dopant concent rat iofi. in thf . substrate Was 
greater than -10. E20 atoriis7.cc,. and the dopant CQncentra-" 
15 tiqh in the epitaxial. l:sLy.er-was less, than 10Ej5 '■■ 
•. ; a:tpms/cc- -... ^v ^ ^ ^ . 

. -. As shown in Fig . 1 1 t;he. RF plasma is prefer- 
ably intrbduced thrpugh handle substrajte 30 - ■ I is : 
believed that t:he^ ^^^c f lows; easily thrp.u^^ more . 

20 Klglily dt)ped s^^ 

:gi?e^ater than 1 0E20 /cc> and Tiot so easily fcjirough the * . 
■ y more ligh.try dQ^^^^^ or intrinaic epitaxdal lay 

(dopjant ; cdneeht:ratldn: less , t^ . it is 

: betieyecl that this .d jLT f ere^^^ in biirrent flpw causes 

25 . a charge buildup on the P-- qv or ihtTinslG layer 21 , 
thereby providing a mpr;.e .fayorabl^^^^^ (with regard tql 
etching) bias voltage oh the more highly 
substra:te 20. It has been .found that with certain. 
^ := . ^ luotoear bon chemical plasmas (e .g. , Freon 12) a 
30; V polymer film is deposited prefer entially on th charged 
•surfaces of; layer 21. This; polymer deposition effec- 
tively stops all etching of laye^^ 21 in the ' plasma . 
Thus, a substantially high etphing selectivity ratio 
. ■ . between layers 21 and layer 20 has been established. . 
35 An alternative method is to use plasma chemis- 

try to etch and detect epitaxial layer 21 as a stop. 
Highly doped (e.g. P++) silicon is used as .substrate 
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• ■ ■ ' . • • \ - 11'. " " ' 

'•layer 20 and the fall, off- in ^boron concentration 
.i. =■ >o.* Aias.er. or bp t^i call y detected when, t^^ P:^>.. silicon .is 

etahed : through and the more lightly doped* epitaxial . 
:i : -"'layer .'21 ;i s ..reaphedv In. addi ti.on.> the- advantage of 
. 5 .. '..using .P + + si licp.n .^i.s .that Oheavily^^^^^^^ 

• .vv^^ :;:et^^ a^boiit .1 0-: to ' 20 times Taster than, lightly doped N • 

^ty.pe^ silicoin, , Thi S;-;etch . r;ati:p by fch.e . 

•* use "of '.electr i cal b oh the subs trate : The- etch r'a.te 
of P t + . s i 1 i CO ri in plasma . is 1 . 5 , to 2 . 0 ..mi crons/ 
• lO'" .'ini'nute^": Ther ef ore , .the al.ternatlve .method . would" be tb'. -. 
" : use a plasma etcher and detect for the loss o*:f the 
.i " "■■boron signal as- the. s ubst-rat e -.1 s etched . 
-/••\ .'^ ■ •' -• / ... Alt ernati.vely as ■despribed above, " can • be- 

substituted for the layer above, and detection of 

■•15 -arsenic or 'antimony may be used. In the case of N>+ .to- ■ 
N-" .si 1 i con-., - an et ch' ratio, .of about .15. times can ■ be.-- 

• attained.. ^Spe c.if l.cally ,, we ^ have- 'fo.un.d that • , s iii con ' 
• etches about. 1 5 t imesv.. f as t er tha;n--.N.- silicon.. . The -etch 

\:.:vAtie of:-N+^:. i.n . a chlorine .plas.in a Is* .1.5 to. -35 microris/ 
20 'niinut e . Th^ conditions ..for . the . abo^v b.per.at ion . ar.e .the 

= • same.' a except ..that a gas .fiow. of 200.^ seem , ahd' \ <^ 

a :press:.ure '.of 600 .millitorr were. used.. 

: ■ As shpwn .^'1 n /Eig . ' • 1 O.a.-j- wheh* Is ol at r.egions • 
9a through .119d 'aFe not f ormed earllei? , . as. in the . 
23 ' embodi.inent.-.of : Fig • 4a , Isolation regions. 1 1.9a throug.h 
1.t9d are/m epi taxial silicon .vlaLyer ''21 . 

between the single die. defined by scribe grid portions 
:: 55.a and. 55b • /Isolation regions 1 1 9.a through 1. 1 9d . are 
formed, for example , .:by. local oixidat ion of s illcpn , . 
3Q.' using a suitable oxidatlpn mask, such as silicon-: 

:ni:trl:de .. . A.lternat i vely , isolation ^regions l.i. 9a through .. . 
lAl,9d- are formed by etching a trench, such as by • 
■ .:C.e.a:ctly.e io.n .et.chihg .{ R IE) and f illing th.e trenches \ 
with a suitable isolation material, such. as. silicon 
35 dioxide or sillcdn nitride. 

■ An alternative method shown In Figs. 12. 

'through Fig. 18 will now . be described. Fig. 12 shows 



the star tirig rsUbstca^^ 20 vfith epitaxial layec/ 21 
attached. . Ftg:.^ ^3 shows, the waf er : af ter • a ; trench^^^ 
(such as reactlv^e ion etching) Has.: Msed to f oir^^ w 

Frenches 9^Ta > 91 h j ^and 9Tc through epitaxial layer J 
21;^ : As sho in; Fig. . 1:3, :the sides and bo t^^^ or. 

-t r ervche s 91 a ^91 c. ar e :.; -co ve r ed wi th . i nsul at ion layer': 50 
(such '0.3; .ox nitride) arid subseciuehtiy filled,: ■ 

such as with polycrystalline silicon 56. The surface ' 
of epitaxial layer 21 is .then lightly polished in order, 
fed remove insulation 50 and fill region 5.6- from the 
surf ace; areas of epitaxial, layer; 21 • • If desired, 

.bottomside processing is performed, such as subdif- 
f usions and' retrograde P -.well or N wells ^s. is known, in 

vthe azrt./. ■ 

':. -y As shown in Fig. 13a,; in one erabpdivment isola- 
tion regions 1 1 9a through 1 1 9c are/ now . formed within 
epi taxial ^ sili con layer • ^1 .between the. single die 
def ined- by seribe grid portions . 5 5.a and 55b /Isolation 
regions. -1 1 9a t.hi^ou:gh1T;9c; are 'formed, .for example,; by 
local o xi dat iori of s il i con ^ using aj sui tab! e- p xi da't ipn. 
mask, such as -silicon nl^^^^^^ Alternatlyely , 

isolation regions 119a througb. 1 1 9c are formed, by 

:etch.ing a trench , such as. by reactive ion etching .( RIE) 
and .filling the - tr.enches with a .suitable isolation 
msiteri.alv such a silicon dioxide or silicon ;h 
Thiis trench formation and fill may be perfornied 
simultaneously with the formation of scribe- grid 
portions 55 a, '55b , or may be performed as a separate 

';sfc.ep';i • • - . ' :•.• 

In . an alternafe iye embodiment of this inyen- 

.tion.:^ as depicted 'by Figs. T4 through iSa, isolation 
regions 119a through 11 9c are: not formed at this time, 
but rather ar e f ormed af ter- re^ 20, as 

is described in more detail later. 

As shown in Fig. 1^,. oxide layer 22. is formed 
on the surface of the wafer, preferably at or around 
TOO^C in a high. pressure oxidation furnace at- or around 
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* / ' ; • "1.3, ' ; 

' 3howjs^: th;^ han;^ wi-th;: o xi de l:ayer'^s3^ »yj^hi.ch liiay / • ^ 

be'^f <3trh(5;d- \ln: '^ ^sa;ra:il^r. m^nh^ oiixde /laiy;^x^ ,2^2: of Wig . - ; * 

^ ^ '^ r f Fig ... 1 6 rd^Jp lb;t s -f feft^ y.dr:ev- vo?: jF^lg / i^- ^krid^ ^ihandle- jOjf ^ 
-^Y Flg^VV 1 5. -af t ePv^bpa^^ ^:f}Qr eKam.pl;0- 'Usirig- thev-bondin 
• ■ feeciin^ d^sicrvrbed ^ "CFl^g i-\ 'I t , d;e pi ct s ^ th^ '-^ . ' 

• s"t?Udt'ufc6^^^ 16 ' after- :a Vme oh art^^ ^ 

• '^tep: lias ¥emdtv'ed::p^ 2G"a:/pf ;su^^ • 

• ' \ ■ . pbri s h o per a t lb ri/ s to p^ hg^ upGrt^ -f i r s^ty :'ee.a,ctoi n^g^'insul a-' .! ' 

-i:0 -:^;: tloh/r 56 an& f.LlJl6r. layer 1;.8^ ^d'e^iii / 

: the : f ln:is^ ^eteh.. 
• .•(previpusly descr i^bied ) , whi ch . r.femg.Yes, the remaining. /. 
V'7huhde^3ired". pb.r t iq^ • ' ' 

• • --A^s*.- •sfabw-n "*'i n • • F ig..- 1 .8 a* / . .w.feen a'-s^Q-I at ilon'.'-r e gi pri. s 
t:5' f rga through/i 1 "9cVar th-e - 

^ ■0mbpd;im:ent ;;o,f .: Fl^^ 1.3a,, Isoiat ion regions 1 19a through : 
. ../f 1 9 c ar e ■ now f^'ar within e;pi t.a^xi;ai. :'s il-i con 21 
■•'^■'^'^ /betwefen '"the s^xhgte- ^die " def ined, .by^ a^ portions- ■ 

55 a :ahd'' 55ti z;'^^ r eg ions .1 ,l:9'a • thrpu;^^^ :are 

JTbrmed^ r .e^xampl^e by^^^ 1^^^^ 'Sal:icQn.., ■• 

; using a suitable p.x id mask , such asv silicon . > 

' :ini^t r i de . Ai fc ier nat i ve 1 y , i s p 1 at i on r e gi^^n^s 1^9 a t hr o ugh 
: ' -1 9^^ f ormed by ielrchlng :a fcreiH;^ su-ch; as .by re .. 

ti;Ye; i on vetc^ a 
25. ■ ..suita.bl.e; 1^ silicon dioxide or 

: ■silicon :'ni:trl;de ■ ■ ^ 

. . jPigsv: T9ia',^ illustrat e /=3]^^ teach:- 

iilgs. f or 'tHe' f ortB^^ 

-arice .with the various embodiments of 'this . invent 10 
30 (bojiolT as r^:g-i6ns 1;1 ffa vet ■ al:- >; of Figs. Ha, TOa;, 1 Bay and 
T8aO -^f pr -exainple , :elt:her tljir^ough. ■I'ojcal oxidat ion . 
. 'techniques or- parti al^etchin^^^ and -selectjive oxida.ti6 
'■j...,.^;:::.,:s^:e:ps^-. Jls~-shp\^m- .::ixlV~Flg^ , 

employed to define the locations where local oxidat 
35 is to take plac^ in order .to electrlcariy isolate 

remaining, port ions of epitaxial layer 21. For example, 
a layer 7.0 oif'. si 1 icon; nitride may be* eraplpyed, typl- 
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; : aaily. lOGJO to 2.000^:^ thick,, ; S ill;cb n ni t^iri^e la TO * X • - 
: lye =^ppli:bd. Incluil J^QVfJ^ : ^ : 

• eiterni^ial V deiyp^si tioU r a known tn; 

• — 'fciio'w^ri;: i^xi - tiik 'aLrrt},':^^/i{ri; "ar dier ; to* .:e xpo^s-^ ' fe tibse. .• j)prfi Ipn ^ 
v':;; -: epi^t^^i-aJiL- -layer ^- ■.wlTl;ch''-ar-'e: ta /-bei-^vo 3ci;di|;e dv^t^p- f^drm*/;' 

■■■\-0:Xl<ie" ;:i'a6;l^ 'C Fig w. l-;9:b::);. -■■ |:P6r,trpris:. bf ' ■ 

. ; ' ■ nit r ide layer' -70 Hh^^ : the pat t ern ed^^ V 

I-q / ":- layer of- :pfiQ tore^sl s t ar e then;,;b'emoyed., /i*ofr;. Example . . 
. : - by pi asmac ./etching wi th a suitable- fluprpcaLr > 
unde rl y 1^^ pprtibhs; bf^ 'epi taxial layer - Si ^a^ 
. . 0x^poSed. and ready for oxidation^ . The 'r eqrarriing^ .. " 

■ tions of photor esist layer 71 are', removed , and .the 
15 exposed port ion s ,• . o f e p i t a x i a 1 layer 2 Ti are ok.id.ize.d. in.. 

• order to form ' oxi de isolation: r egibn 72 . of Fl g • :, :1 9 b .• ' •> 
Th i s . o xi d a t ion step may be performed , for- example / by.; 

' thermal oxidation in wet oxygetn at approximate ly- ipoo .' 
: tb 1 2ao^G f or sever al hours . Alternatively", oxide 72 . V ^ : 
2:0 ' is formed by first r eraovihg the par t ions of .ep i t axi al 
/ ; ,la:yer; 2'V expo3ed by patterned; nitride 70 (for 

: ^example by plasma, fetc.^ wi th SFg ) / and depositing ' 
oxide /7.2;,,^br examp by ..low pressure- /ck^mical. vapor ■ 
^' /"H-ide- position >■ -i^^ well' "kribWri an: 'the- artv;' V 
25 ~ ■ Regardlesg Qt how bXide 72 a^?f:orm^^ 

: iriff Tbrm:atibn of oxide :72r the wafer cpnjs is t^ 
^ - -type epita layer separated into lislaridsV^n tit 

-isolated iby bxide <:>{c arty chosen is uiatpr sud^ as. sili;^ 
^^.r ' - x^^ tn an ait ier native embbdlmeiifc^^^ tlie isbla^ ^ 

^'3^ i^i f ormed after, fornix of ■?fii)pit axial ;C 

: layer 2^^ :.f / 

siin'ilir to descri.bed above wttji jrlegar^d'^ 

:. .. lenibo^imeht^^v^ .IjSibXation xe gloin ' 

joining df the wafer and the handle . Thus>. in this \ 
35 alterhativ^e ."vi^rtical dielectric isolation. ^ 

r eg ions are formed a f.ter' the formation of epitaxial 
layer 21. by masking the surface of epit axial , layer 21 
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• with a -.nitride lay.^r .(nob . shown ). and bxldiz^ng, those . 
ppct ions of jepi taxval- .^la^^ r*w,hich; are 

' J converted to, di elect rA.e l j". 

, , . In an^^^^ this / invent ion , the ' 

^5 ' • ae-ie.Qt tve ^etchia^ techni:que;;:Qf .^t;hX is - us^e'd . . 

r^. to' et ch.^ a^^^^^^^ l^aving^ a farst dopant/^ .Q^^^ 

. ; ^ion : vhl 1 e^ hot\ e;t chlag, -a ;:se pdn d rre gion hay i ng a ^;e:con d 

Jdopxrig concentratiion j- ' ; . . 

■. - • One!. . use* .of; thi.s invent ion. i s to make., natrrow" ; 

-^.p ^:r^gid"ns , . Ppr • .ex^ electrodes of :FET de yi oes'. 

' In thas embodiment a semi ednduct or layer i s ..masked , 
and the sel'ectiye etching techniques used to. r.emove 
/ "vexposed portions, of- the semi conduct or layer./. For 
. : •• , e xample /. the. ma^ k , c^ ibe us e d as . a ..d6.pa.n.t -m as k ..d ur i •, 
:-]:5 , ., .an ion i-mplan t at ion s tep- whi ch increases, the dopan t 

con:bentrat ion of the,, pprtion of. the. semiconductor layer - 
. ; . ;whi ch. i^s to. .be r emdve.d . : , • ." • 

One embddiraent of . this, technique is. showh in: • 
■ * .the cr OS s-.s.e vievs of Figs ., .2d.a thr.dugh 2.Qc, As 

20- :'ShdW.n- i.n-; ?^ig.-:^' ;;2Qa :a semi cohductor substrate , i 9 i3 :used .. 
' h:^.'ying ' a 1^ :thereoh.. V'. Fprmbd ^ 

on Insulation • layer 18 is. a layer of polycr.ystalline . 
silicon 20i A masking layer , such ais a. layer of photo^ 
; .r'esist* is, applied and then patterned to prdvide^^ p^ 
25 resist 23 which protects that portion . 22 of polycrys-^ 

V tall ihe .sil iooh layer 20, which is to. r^emain. as the -gate 
. ■ " eiectr The exposed portion of poiycrystalline ' 

sili.doh layer^;20 is then doped v in. orde^^ ; 
, dxjpkn^ .T^ portion of photp- 

30 - resist .is th^n renjoved, as shown in Fig*. 2db .. The . 

lightly do p^ reraoved by use of a 

diffusion; pattern . Using the novel etching technique 
. . P^f^ . t.M inyeii tipn , t^^^^ dp.ped Rpr t ipns of 

pblycr ys t all ine silicon layer 20 are then reraoved, as 
35 shown in Fig . 200 , leaving . the more lightly doped por- - 
tion 22 of polycrys talline -si licon layer .20,. which then 
serves .as a .gate electrode. 
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\ ' • ; ■• • ■ ' : - . . ^ is/; • ' -; . " ' . : ' ' .. ■ ■ y: ■ 

.■ y''< . -.'vf -"^"The.. s.pe cl^^i. > emtio dim QjH^ * -i :/i 

by w=aiy : o^^ llmitat ida- tha scdipe-^^^^^ ^ 

of nry Inv^^ Ktiiii^rdus otiier eibpiiinients of :^thi;s' , /.■■':^"'}'^^' ;vV;; 

5? -Ittvervfeid ^thdsis- of d^^ 

,\--ti.s^d td; f abricate diele.cti^icaiiy isor^ 
./'^ ■ - ::o gailiunr 
■ ■ 1 0 ^arsenide , ;pr other semi coriductdr formed of elemerits ; ' 

. .f t?o"m /GP'Oups" /-1 1 1 ••ari-d^ '.V--' .of V t-h.e..- •p;e-ri6di:d" .. fcvi-tole - : ; - ' ■ • - 

■ ■ publicatdoas and pat'en:t. appii cations are 

V ; ;>herei;n^ incdrpdrated- b ref erence t-o the : same extent :afs ^ . 
' ■• VS^ '.- "each: individu pubricatibn or .patent appLication^ 
' . ■• • ■ V . was. :s:pe:c;if i cally alnd indiyidually- andicated to be: . ' :;, ' ' " 

incorporated by. reference v^. The^ in being r 

: : • ■ ' f tiliy described, it will be appareht to one of drdinary^ y'. 
'skill. i:h^: t> he art that many -oh a age^^ arid mdcliflca.t ions 
20.. ; can be made thereto -without departing from ttie spirit^ t - 
^dr sddpe- of. the' appe^ 
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■ • ■ * ■ ' ■ 17V". • ■ ■ ^ \, • 

V . ..WHAT IS CLAIMED/IS ; : ... 

' / , r r ,A; method .T:qr. ;^ dielect ri caliy 

. isblat.ed .singie .crysta seriiicphductor regio^^ 
§ . i :a> f irs t and a ; se co nd s u^b.s^t rat e , . and ha vl ng. f irs t- and . ' ; 
\. 3^c6nd.':sur.f'^^ of;: "^- • 

,^ T brmlhg a , iayer ' .of .epi t'^xi^l ^.emi.cpn- - : 

duGtor ;on. said f irst surface p;f. said ;f irs.t sa.bstrate; : , : 
forming a m:asl<.ing layer on said, layer of . " 
..t;o-* ./epi tax v^^^ expose selected portions pf . ■; 

. /. sai d .1 aysi.r,. of epitaxial semi c w-her e.. "i solat i6n\ . ^ 

r^gip:ns are- to -be formed 

.. ■: • forming i splat ion regions in s ai.d ' • 
selectecl substrate where exposed .by ".said masking layer; 
15^ . .subsequent to said step of. forming .isola- . 

"tion r egipns , • T prming a dielectric layer on said first 
. ■=. / .s.^urf ace^^ second substrate and/or the .surf ace' of . , 

said layer of ..epitaxial .s.emiccnd 
• ^u^.. joining said layer of • epitaxial sem.icon" . '.\ 

.20^- ^ ^'ddctpr .and^.$aid first ■siirfao-.e .6;f SBid ' second - substrat.es^ 
* togeth.er .and , - ' . • 

. ^,. •. . removing a selec-t ed one of sal d ..f Irst. and ■ - . 

V V second sti^^^ leaving said epitaxial layer 
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25 2.: The method aa in. Claim 1 wherein said 

; mas.king layer cpmprlseis si jLi.pon nitride. 



. : :3-. ,;The . method .as in Claim 1 wherein said 

:i,splatipn -r^gipns. comprise-. ^ 

^. : . ' The. method as. . i.n ...Claim 1 wherein ^aid 
.. .st.ep of;: joiftlng comprises .the step : . ^ : ; 

v.: . \: ;heatiiig.-iS:aijd •f irist and; second. -.sj-i:bs,.t:rat:e.3.. 

35 , 5* The -method as in.^:Claim ^ wherein said 

heat ing occurs wi thin the range of apprpximat ely . .1 050 °G 
"■. to 1200*'C* 



5., . Tile method as. in blai 

■ • 5 : V. said' 

' V ; :^eat iris l a: pr^eeded^^ ^b^^^ ar.^ hofcii:;; . ■ v ; 

^.■■•d.f ^ Sial."d;^flr3^^ SLTid •■se'cpndv-s^ubB.tta • ' ' : 

. ' . . 8 . The ; inetiiod; as .^G T wher ein said ; 

10 hydrvation bake is perf ormed within- the- ^^r^^^ apprb.x^ 
■'I tmatel;y UQQ^C SO : . 

9. The method; as in Claim 6 wherein said : . 
^step =pf ■ join performecl under press urte ^ . 

y ■ . -.-IS . / \' : . ■.■'v: ■;• :: --x ' ■/ ■• 

. TO . 'The metho'd as In Q^^^ said , v. ■ . .. 

; ; ■ „ ■ ■ pressure is- within therrange of appria5ciTO to 2Si^ 

• a.tmpspher es . • •■ " . 

• • . .; 20 11.. The mefehod- as^^.:^^^^ Claim- . ^ whereih said, 

heating occurs: at apprpxiiriateiy TOO^C.. ^ . " 

12. The method as In Claim 6 wifteretn. s 
step of. joining occurs in a steam environm 

;1:3v the method ;as - -In eia^ 
seepnd substrate is a handle comprising a -material / ^ 
: selected from the group pf 

semi conductors , insulators , and Per aini : 

■14. The method as. in^^ 1 wherein. -sjaid: 

first substrate GompriS:.es:-a . 

, :_„.. ..grpup pf matBrials ot ;^.i.iiGpn,.„g.e:r^^ 

gallium arsenide, and semiconductor compounds formed 
35 from elements, of Group lil and Group V of 
table.-; . ; 
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■ . • \ : ■ , ' ■ - 19 •: • • * • * ■ ' \; 

15.; 'The- method of ■ Claim 1 wherein said step 
or^ a .pi as rf^,. etch wherein RF . energy. 

". ; IS intrbduc^^ one of' said first and second. . ' 

■ siibist rates other than' that selected . f. or vremc^val. ; 

' ;^ \T6: ;The method of . Claim ;15 wherein said 
'^el^cted^ is. etched , and- said la..yer of epi^;. 

taxiai. .Vemicon'du :h6t . 



10 



15 



.1.7, ■ iheUra Claim ;i 6 wherein a .layer of . 

"pdlyraer deposited by said . plasma. :on said layer of 
"epitaxial , semi conduct or after said, .selected substrate 
is removed , thereby" preventing r'emo.val. of said; layer, of. 
.epi taxi al semi^Go.nduct or • ... 

:i 8".; " :the method of . Claim 1 H wherein said • , • 
: ': .:\. seX^ i s more -hife.hlX dope-d tha-n .-.sai d •.layer . 

of .e^pi taxiai . semi conduc t dr ., : ' ■ 

20 ■ 1-9. - The method, as in Claim 1 wherein .said 

step . of .forming isolation re-gion "com'pr i ses . the steps . 

, P'^.-' ' " - .... " ■ • ■ ' ■ - " " " . ■■ • '■ ' 

.■ forming a trench in said, .layer of epi- 
taxial ■'semicohductar; 
25 . \. f ormirig:^ a layer of ihsul;ation on at leaist 

the sid^s of .said t and 

filling, s.aid trench with, a filler raater- 

-iai--.. ^- ' ■ ■ ;V .• . * ; ^' . 

30 ' : . 20, ^The^'iiethod said 

filler material comprises polycr.ystaliine s.e.rai conductor 

-iriat^riaL^'-^ '\ . ^' ■ . " 
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.21/ The method as in Claim 1. whereia said 
" isoiatiqri regioris se^ sihgle crystal 

. seraiconductor re^i 

^ ' '' ■•' ZZ' ' The method as invCiaira 21 wherein said 

isoXation regions kre also . f ornied bn scribe lines V 
betWeen adjacent die formed in first arj:d.seGO:nd ■> 

substrates- ■ ' ^; 
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20 



25 



30 



35 



. 23 i The me.thO:d as iri Claim 1 whereift said 
stiep of forming isolation t-egions cpra^prlses :the step .:Gf 
..oxidation. " .■ • '* 

.24. The method as in Claim 1 wherdln said 
step of. forming Isolation regions comprises the stt:eps . 

ot'r . ■ ' • ■ . ' ■ , .. ^ ' - ' ' ' ' 

forming a trench in. said layer of 
epitaxial: semiconductor ; and : o ^ 

.filling said .trench^w^^^ an , ins-iilatXpn- 

material.- -..-= ■• • 

25. A method ; for fabricating d ielect r i cally 
isolated single crystal semiconductor regions utilizing 
a first and a second; substrate > and having first and 
second surfaces, comprising the steps of : r 

■form:ing a layer Of .epitaxial semicoa^ 
ductor .on said first surface of said f.irst substrate; 

forming a masking layer on. said layer of 
epitaxial semiconductor to. expose selected portions of. 
said layer* of epitaxial semiconductar vrhere .isolatiori 
regions are to* he fortnexl; ^ ^ ' - l; 

forming isolation regions in skid 
select^ed substrate Where exposed .by said masking lay<er ^ 

form^ing a dielectric layer on said .first 
surface of said second substrate and/or the surfac^e of 
said layer ,o.f epitaxial siemi conductor ; 
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• 21 ■ 

. .. , r. .••either before, or af.ter -said s.te.p' of " • ' 

. , .forming i spl^tdpix -res ions , jOflning: said Layer ,oC 

■ .epitiaxiai ..s..jeral:^^^^ .and • said, first .surface •o.f..;S.aid ' 

second, substrates-;* by:; placingr said f Ir^t and 

{5 seGprid s,ub§t rates in contact vin .a high .pressur^;: . >. ' 
. 'v. . V. oxidizing ^^tmosphere; and 

^ j/^ir^- ' .removing a ..s:el apt ed one of /sai-d first and 
. ..V §egond,^s.u.b3.tratfis..^.;^ 1^^^ epi t axiat l.aye^r 

IP- V The method -as in Claim 25 Whereiln said 

r- high pressure is; approximately within the range, o.f -15 
; tp: -25\atmospheres ■ " 

27 r The .:vmet hod as i n craim 'SS" whe.r ei n . said. 
1.5 ,. : Q.xidizing atmosphere comprises stearii.. 

U ,28. ■ TPhe- jmethod as • in. Claim 25 ^wher ein .said' • 

V .step:pf joining, i^:., performed at a /temperature of 
. approximately. TO Q^G . .:, 

.20- ''"- • *■ • ■ '■- . ; • ; " ■. ; ' ' ■ ■ / • •■■ ■ ; ' ■ 

29. .The method as" in eiaim 25 wherein s.ald . ■ 
niis^k in g. layer cx?mprises silicon, nitride. . • 

• jo.r The method as . in Claim /25 Wherein said 

25 ; : Isolation Tiegionis c^ oxide ^ 

31- The method as in Claim 25 wherein, said- 
, s.tep. of: joining. Is preceded by a hydration bake of one 
. or both, o.f s and second substrates 



30 



32. The method as in Claim 31. wherein said 
hydration bake is performed within the rang.e of apprpx- 
imately 400«^c. to, 9Q0«»g;. ' . . 
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• ^ , 33^ . The method as . tn Claim Z5\ wher.ein said 

3 eeo ad s ubs trat e i is -^'a handle .cbmipri si n a %niat.eri al --^ 
selected from the ^^^^g^^ of materials qonsia'ting of : ■ • 
sgraiGonductors ,=. insulatpFs, and ceramics^ ' 



3 4. The: me-thod ' as in C;^^^^ 25 wherein said 
f irst substrate comprises ^a material selectie frbm the ' 
group of materials consisting of silicpti germani-um 
gallium arsenide, and semi conductor compounds formied' 
;.i 6 from elements of Gr pai> III and Group;:. ¥ the per^pdic ' 
table \ •■ '■' ■ . •.*:-.....■ - ■■ -t- 

' ■ ' 35v. , The method of Claim 25 wherein said step 

.of remo.ying comprises a plasma etch: wherein RF energy 
15 is ..introduced into, the one of said first and second - . 

substrates other- than that, selected for removal. •. f 

36. The method; of Claim 35 wher e/in -said 
selected substrate is etched / .and skid, layer of epi-v 
20 taxial semiconductor is no^t : 

37^ ' The methbd of Claim: 36 whierein. a layer of 
polymer, is deposited by said plasma on said layer of ^ 
epita3j:ial semiconductor .a:fter said s el ec 
25 i^ removed , there^)y: preventing removal, of said layer Of 
; epitaxial semiconductor ; ^ 

38- The metho^d of Claim 35 wherein said 
selected substrate is more highly doped than said" liyef 
30 ^ of epitaxial semiconductor. 

.39. The method as in Claim 25 wherein said 
,step of f prming ^^solati^^^^^^ comprises thje steps.. 

■ -of:;;. , ' ' _ .- • " 

35 . forming a trench in said, layer of epi- 

taxial semiconductor ; 
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■■ ■ ' [ •■ , ■ 2.3. ■ ■ ■; • . 

■ :.: ■.• ■....I v. ^ ^F'^-^.^S ^ ^^^V^^. insulation ,on • at . legist 

> ..--i /the. sifiest .^f /said trenc^^ .. •• ;. . 

, </;;... • .-, ^.. f ^A.^'^S. ^s.^iK. trench- .wl^^^ 
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i-al .(■'■' 



■ •^Q- '^'. The methpd^^^ ia .Cl.alni 39. wherein;, said- 
filler material, co^^ -polycrystallihe .sem 

^. mat'i^:!:;! al . • ■ * . . ■■ ; ; ' . -.: ..,.*. J*!- ...... 

VO • • . . ^1 r The. met.hO'd as . in .Clai.m 25 . whe'r ei,n said 

• * /isolation regions are aisp rprmeci on scribe lines. 

betwe^en ad jacent die; farmed in said f irst, and sejcond:^ • 
• sXibafc^r at.es .. ; : . ^.^ 

.1.5; ■ •: • -^2 . The -method as ;in " Claim UX 'w.herein said 

, . is pLa;;t ion' -r are- also" f orrn^ d on . s cri. be. l/i-n;.es/ 

between, ad j,acent/' di'e ..formed;. Iji^^ f irst. . and second. 

/ *• substrates. " ■ . - 

20 j-y; - . ^/ \. -^3> V The m^i;hO:Cl as -;l..n,- Glaim'^*.25_ v^herei-n.. said; • 
step Of fqrping iso^latibn. re.gipnS cocnprises the step .of 
• oxi dat.i.on-. .* S 

./H^. . The met: h^^^^^ in Clraim 25; wherein ^ 

25c . step, pf/f ofiralhg isGlati^ .comprises: the. steps 

of' ' . • . " ■ •■ /• ■ • 

fprmvhg a vStrench. in .said layer pf . 
. epita and . . 

^li^iing said trench with an. irisuiatioh 
30 - tnaterial. • . •. \ " . \.. 

^^S.;.; A method for fabricating dielectricail.y 
isolated sih.gle crystal, semiconductor regions utilizing' 
a first and a second substrate, and having first and 
35 second surf aces comprising .the steps of: 

V .forming a layer- of epitaxial semicon- 

ductor on said first surface of .said first substrate; 
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•T«drnii^^ layer of -v ^v 

; y epitaxi to exRpjse ' selectfecl • poptlonsi^^^^ 

^aid -I^y^^^ ' 0pltaxl^^ sieraicoadnct or . wjhei^e . ispritC^^ 
■ '-■ ./r^^ioris : ar-ie. to f .ocm'e'd i ■ \ . _ 

^5 , forming -isola vioij/peg^ aaid ■ 

V se^le^cfc s ubstrate whe^i^e ; expp^^ by s aid mats^^^^ .) 

farming ;,a/di^ 'l^yer^'; md^r. 

. surf ape- df sdid ; second ^ut)st rat a.hld/or Jthe^ of 
' ■ 3ai:d layer of epitaxial ,s emi conductor ; ■ ■ 
IQ - ' . . . . '.^ : "eitlier befbiT^e" or "^^^ said step of 
:]..<■ - -' fp^^ said layer . of; y . 

Z^..: v'^ejipitaoicial .se^ and s a id- fir s t s^urfiace^ ofX^aid ' 

second substrat es ■t ogether ; and , i.. 

i^emGYing a. selecte one of said first and... . 
1.5 . se Gond substrates., leaving said epitaxial layer, by a'^ ■ 

■ plasma e t ch wher ein RF. ener gy i s int reduced' Intp the; - ■ 
• _::.one of-said first and second substrates' other than that 
• select ed for rem oval such that said selected substrate ^ 
is etched , and said layer of epitaxial .serai con duct ' 

•20^ ; ;'^nbt:/ ; ^ - . • ■ ■ -"'^ . V" . : ^y--}:y<. : J-. 

46.' The ;method as ir^ 
, maskiiig layer, cpniprises sillx^ba 

25 ' \ilT. Tri^^ method ^ iii Claim ^^^4^ 

isolation regions comprise Pxide. 

• \ The m^thhd as In Claim 45 wherein skid . 

.sifecOnd s4bs:tt^ate Is a handle ddndprislrir^g 2i iiiaX0rxs^X."^^^ ^ 
30 selected from the group; or materials con 
. : Sjemiporiductors ceramics, ■ ■ ' 

. , ^ *9. ^The ;raetJ30d-^3^; 1 #5 vfe^ 

- f i.rs;fe ;su&atr^te /conipri^es a^ material selected from the 
35 group of inaterials consisting of silicon/ germanium 



/ gallium arseni'de , and semiGO-nduG.tor q'ompounds,,. formed 

from elements of Group III and. Group. V of the periodic 
, tal>Le.. 

. . . \. :50v. - T^ 45 wherein... a layer. of 

-polymer is deposited by said, pi \ 

epi taxial .seraiconductq af ter ..said seledted ; subs trate ^ 
. i s rem o v e d .;, t h e r e b y p r e v e n ting r e m c?..y.a 1 o f • s a i d . l a y er of 

epi taxial se.mi.cohductor > .. - , • 

51 . The method., of Claim .45 wherein said .. " 
selected .subs t rat e is mor^e highly .dope'd. than said layer 
of. eplta.xial- sismicQh^ , . ■ , 

■ . ■ . ; ; 52.."' : The method f or . select.i vely .etching. :a 
••,f irst semiconductor., layer haying a. first dopant .concen- 
traLtion 'while, substantially .no.t . etching' a-' second serai- • 
conductor layer hav.ing a second .dopant concentration 
less than . s.aid f ir:st* 'dopant* con.cen.;t r at ion comprising 
V the. step of ' usi.ng an RF plasma com prl sin 
s.electe.d s-uch ..that said f irs t: seraiconductp.r layer is' 
;et:che.d .-by. said . plasma, and said' plasma* deposits, a layer 
:Qf maskiing; mat.e.ri.al. on; sa.i.d second semi conductor . layer . 

.. 53. Thp method of eiai.m 52^ wherein said gas 
='compri^%s .Fr eph .1-2 . ■ * ,\ .■ 

:;:54,. , The. method, for f ormi.fig'.a nar^b-oW regi.on of; 
.material cpra^ the .steps of: 

?v • ' forming a layer of material.; 

fo^rming .a masking layer of 

materr^ , . . * ^ ^ . . • 

selectively, etching a first portion' of. - . 
said layer of material exposed by said masking layer, 
.said first portion having a first dopant . concent ration , 
and not etching/a second portion of said layer of 
material which is mas.ked by. said masking" layer, said 
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,: seQori(i :P^ -haviag-'- a; se coriH Jlpt^an C(?rt.derit ration- . ''\ . 

plasma cocap^^ a gas selected siioh tilat :S^id\ fi\i?sfc- : ^ 

* port ion is oetphed by said plasnia arid said plasoia: , : V/^ v 
. 5/ depQsit:si a; lay;^r' ::of masking iater^ial on" said, second ^ 

-p.b r"t"16ri.i .. ;V' \ ' ' ..." .■ ■ . ' ■ 

: ; V 55^> ^ The m^th^^ 5U .wherein; said; 

• / taater.ial G.omppi^s ppLy.drys tallihe; or^^^m^ 
TO-'. ' "silicpn:.*..- ■ ; - /■ 

_ 56;.. The me^thod as- in Claim. ^5H >herei 
.masking layer sec v.es as: 'a doipa.ht^ m for doping said • ^ 
fip.st portiori. prior to etching.. \ 

. •-15'.; ./ \ ' ' ;V ^ ■ ■;. ""'^ ■ ' ■ \ ' ' . ' ' . ' ' ;■ ; ; 

. ' • 57 . The method, as' ih Claim ; 5A^ w said 

■ gas.. . aom^pr isfes. Freon ,1 2*- . . ' ^ ' \ ' . ; " ■ 

■ ■ ' 58., " The method .a.s. ' in. Claim : 5^^4^ 
. 20 . narrow region, of material serves as the . gat e of a field 
•] ef f eo't ' fcr-aas"! s. tor-. . . ■ 

59. The method, for joining t^ 
substrates cbmprisihg . the. s^ 
>. ' 2i5* • piacinig s4:td two\ seiiiQbnductd 

. ' * "in co-.nta.p-tr. • - V - . 

sub jVec.ting said f ir^^^^^^ second \ 

semxopndupfc^^^^^ to a .-Iiigh' pressure dxidi.zing 

. -a ttao sphere. ^ , v - ■■ . ■ ■ " •.•.^ . ' 

■ 30 -" /' ' ■ ■ ' : ■' "V"' ^ ; . 

■60. The .metftotj iajsViTV Claim 59 wherein said . 
high pressure i.s within the r^^n 

,..:.*;•:',-•.. .v.t-b ..25- .a^trap^'p^^ ■• V.'-- • ■■ 

35 ;6l the. method ... as . i^ 

oxidizLing a tnlq sphere comprises s team. 
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62. , The method as- i 5 9 wherein, isaid. , 

oxidizing ataiosphere. has. a .tiemperaM 
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Figure Wafer edge, detail. 
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Figure Crass-section of grid 
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